The aim of the present study was to determine the effect of sitagliptin on microalbuminuria in patients with type 2 diabetes mellitus. Materials and Methods: A total of 85 patients with type 2 diabetes mellitus (age >20 years, <80 years, hemoglobin A1c [HbA1c] <8.4%) were randomized to patients taking sitagliptin 50 mg or other oral glucose-lowering agents. The following parameters were evaluated at 0, 3 and 6 months after the treatment: bodyweight, blood pressure, HbA1c, fasting plasma glucose, fasting plasma insulin, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate and urinary albumin excretion. The primary outcome was changes in urinary albumin excretion at 6 months. Results: Significant and comparable falls in HbA1c and fasting plasma glucose were found in both groups. However, sitagliptin significantly reduced urinary albumin excretion within 6 months, especially in patients with high urinary albumin at baseline. A total of 27 patients with normoalbuminuria showed a reduction in urinary albumin excretion, suggesting that sitagliptin prevents the development of albuminuria. A total of 15 patients with albuminuria showed a reduction in urinary albumin excretion, suggesting the beneficial effect of sitagliptin in the early stage of diabetic nephropathy. There was a significant correlation between improvement of proteinuria and that of diastolic blood pressure.
INTRODUCTION
The number of new cases of type 2 diabetes mellitus is increasing throughout the world. Death as a result of ischemic heart disease and the number of new cases of myocardial infarction are approximately two-to sixfold greater, and the risk of stroke is approximately two-to threefold greater in patients with type 2 diabetes mellitus than the normal population [1] [2] [3] . Chronic kidney disease is also common in patients with type 2 diabetes mellitus 4 . In addition, chronic kidney disease contributes to the development of cardiovascular diseases, and thus it increases the risk of death and cardiovascular events 5 .
Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, is a newly developed glucose-lowering agent currently available in Japan for the treatment of type 2 diabetes mellitus 6 . DPP-4 inhibitors slow the degradation and inactivation of the incretins, glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) 7 . The main target of action of GLP-1 is the islet, where the hormone stimulates insulin secretion, promotes b-cell proliferation and inhibits glucagon secretion 8 . However, GLP-1 receptors are also expressed outside the islets, suggesting that GLP-1 also plays other roles in other organs. The GLP-1 receptor is also expressed in the proximal tubules and glomerulus of the kidney, and intravenous infusion of GLP-1 produces natriuretic and diuretic responses 9, 10 . Its effi-cacy for the management of diabetic kidney is known in animal models [11] [12] [13] , but remains unproven in humans. Sitagliptin slows the degradation and inactivation of GLP-1, and could therefore be beneficial in diabetic nephropathy. In the present prospective clinical study, we determined the efficacy of sitagliptin on urinary albumin excretion in patients with type 2 diabetes mellitus.
MATERIALS AND METHODS

Patients
The study participants were patients aged <80 years with type 2 diabetes mellitus whose hemoglobin A1c (HbA1c) was lower than 8.4% (according to the National Glycohemoglobin Standardization Program [NGSP]) despite pioglitazone (15-30 mg/ day) and/or sulfonylurea treatment for at least 6 months before the start of the present study at the University of Occupational and Environmental Health Hospital or its affiliated hospitals.
Patients with a history of ketoacidosis, patients with type 1 diabetes, patients with nephropathy (serum creatinine: males >1.5 mg/dL; females >1.3 mg/dL), patients treated with insulin, women who were possibly pregnant, patients with urinary tract infection and patients treated with NSAIDs were excluded from the study. All patients volunteered and signed an informed consent based on the Helsinki Declaration revised in 2000. The present study was approved by the ethics review committee of the University of Occupational and Environmental Health. This trial was registered in the University Hospital Medical Information Network (UMIN no. #000010871).
Study Protocol
The present study was an open-labeled, prospective, randomized study. The study participants were divided into two groups: the control group (n = 44), who were treated with other oral glucose agents, such as metoformin, glinide or a-glucosidase inhibitor; and the sitagliptin group (n = 41), who were treated with 50 mg sitagliptin once daily.
Patients of both groups were assessed for the following parameters before the start of the study, and at 3 and 6 months. No changes were made to the type and dose of glucose-lowering drugs, angiotensin converting enzyme inhibitors or angiotensin receptor blockers during the study period, to avoid possible influences on blood pressure, lipid or glucose metabolism. These drugs had been prescribed for at least 6 months before the study.
The primary outcome of the study was changes in urinary albumin excretion at 6 months after the start of the study. The secondary outcome of the study was changes in estimated glomerular filtration rate (eGFR) at 6 months after the start of the study.
Measurements of Biochemical Variables
Venous blood samples and urinary samples were taken in the morning after an overnight fast. We evaluated at baseline, and after 3 and 6 months of treatment the following parameters: bodyweight, blood pressure, HbA1c, fasting plasma glucose (FPG), fasting plasma insulin (FPI), serum low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), eGFR and urinary albumin excretion.
Fasting blood glucose was measured by the hexokinase ultraviolet method. HbA1c was measured in the laboratories of each study area, and the results of these measurements were collected. The value of HbA1c (%) was estimated as a NGSP equivalent value (%) derived from the Japan Diabetes Society (JDS) value, and calculated by the formula HbA1c (%) = HbA1c (JDS) (%) + 0.4% 14 . The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as follows: FPG (mg/ dL) 9 FPI (lU/mL) / 405. The homeostatic model assessment of b-cell function (HOMA-b) was calculated as follows: FPI (lU/ mL) 9 360 / (FPG [mg/dL]-63). LDL-C and HDL-C concentrations were measured by standard enzymatic methods with the use of a kit from Kyowa Medex (Tokyo, Japan). TG was measured by standard enzymatic method (Sekisui Medical Co., Tokyo, Japan) with a fully automated analyzer (JCA-BM6050; JEOL, Tokyo, Japan). The eGFR was calculated as 194 9 serum creatinine -1.094 9 age -0.287 in males, and as 194 9 serum creatinine -1.094 9 age -0.287 9 0.739 in females. Urine albumin concentrations were measured by immunonephelometry (Communication for Health SRL, Tokyo, Japan).
Statistical Analysis
Data are expressed as mean -standard deviation. Betweengroup comparisons were tested by unpaired Mann-Whitney U-test or v 2 -test. Baseline and post-treatment values within each group were compared by Wilcoxon signed rank test or Friedman test. Factors that influence the percentage change of urine albumin were analyzed using Spearman's rank correlation for variables. Multivariate stepwise regression analysis was carried out using percentage change in urine albumin as the dependent variable and several parameters found to be significantly related to percentage change of urinary albumin on univariate analysis. P-values less than 0.05 were considered to reflect significant difference. All analyses were carried out using the PASW statistics analysis software IBM SPSS v19.0 (SPSS Inc, Chicago, IL, USA).
RESULTS
Patient Demographics
A total of 85 patients were enrolled in the present study, of whom 80 (94%, 44 men and 36 women) with a mean age of 64.2 years at the start of the study were successfully followed over 6 months of treatment with sitagliptin or other oral glucose-lowering agents. The mean body mass index (BMI) was 25.0 -3.9 kg/m 2 , mean HbA1c was 7.0 -0.6% and mean duration of diabetes was 9.4 -6.7 years among these 80 patients at study commencement.
Consent was obtained from 85 patients, and 41 and 44 patients were assigned to the sitagliptin and other oral glucose-lowering agents, respectively. Because three and two patients were excluded from analysis due to dropout, only data of 38 and 42 patients of the sitagliptin and other oral glucose-lowering agents group are presented, respectively. Table 1 shows the baseline characteristics of the two groups of patients. There were no significant differences between the two groups with regard to age, male-to-female ratio, duration of diabetes, BMI, other parameters of glucose metabolism, lipid profile, eGFR and urinary albumin excretion levels. At baseline, systolic blood pressure (SBP) was higher in the sitagliptin group than in the other oral glucose-lowering agents group; however, diastolic blood pressure (DBP) was not significantly different.
Bodyweight and Blood Pressure
Bodyweight, SBP and DBP were not significantly different at 6 months in both groups. There were no significant differences between the two groups with regard to the percent change in SBP (-1.2 -8.3% vs -1.5 -8.3% at 3 months, -2.3 -11.2% vs -1.0 -9.5% at 6 months), and DBP (-2.4 -12.6% vs 0.5 -11.3% at 3 months, -1.3 -12.4% vs 1.1 -13.5% at 6 months). Furthermore, there were no significant differences between the two groups in the percentage changes of these parameters from baseline (Table 2) .
Glucose Metabolism
The other oral glucose-lowering agents group showed no change in FPI, HOMA-IR and HOMA-b but a significant decrease in HbA1c (from 6.9 -0.7% at baseline to 6.6 -0.7% at 6 months) and FPG (from 131.5 -26.0 mg/dL to 122.9 -23.8 mg/dL). In contrast, the sitagliptin group showed no changes in FPI and HOMA-IR, but significant decreases in HbA1c (from 7.0 -0.7% to 6.4 -0.7%) and FPG (from 138.1 -21.4 mg/dL to 124.4 -17.6 mg/dL), and significant increases in HOMA-b (from 29.3 -19.4% to 36.1 -24.9%). There were significant differences between the two groups in the percentage changes in HOMA-b from baseline, but no significant differences between the two groups in the percentage changes in HbA1c and FPG from baseline (Table 2) .
Lipid Metabolism
The other oral glucose-lowering agents group showed no change in LDL-C, HDL-C and TG. In contrast, the sitagliptin group showed no changes in HDL-C, but significant falls in LDL-C (from 109.8 -29.4 mg/dL to 102.6 -30.2 mg/dL) and TG (from 98.9 -41.7 mg/dL to 84.4 -34.8 mg/dL). There were no significant differences between the two groups in the percentage changes in lipid parameters (Table 2) .
Renal Function Markers
Another finding was the decrease in eGFR from 75.5 -28.1 to 70.8 -21.3 mL/min/1.73 m 2 in the other oral glucose-lowering agents group (P = 0.017) and from 77.1 -18.9 mL/min/ 1.73 m 2 to 73.7 -16.0 mL/min/1.73 m 2 in the sitagliptin group (P = 0.006), and there were no significant differences between the two groups ( Table 2) .
Urinary albumin excretion was the primary end-point in the present study. Log urinary albumin excretion only showed a significant decrease in the sitagliptin group (P < 0.0001), but not in the oral glucose-lowering agents group (Figure 1a) . Log urinary albumin excretion diminished at 3 months (from 1.3 -0.7 to 1.1 -0.6) and at 6 months (to 1.0 -0.6). There were significant differences between the two groups in the percentage change in log urinary albumin excretion (-22.2 -24.8% vs -5.2 -185.3% at 3 months, -23.3 -37.3% vs 0. 8 -192 .0% at 6 months; P < 0.0001; Figure 1b) .
We also divided the sitagliptin group into two subgroups according to the baseline urinary albumin excretion level, using a cut-off level of 30.0 mg/gCre. A reduction in log urinary albumin excretion was observed at 3 months (from 2.0 -0.4 to 1.7 -0.5) and at 6 months (to 1.5 -0.7) in the ≥30 mg/gCre group (P = 0.001), and, at 3 months (from 0.9 -0.3 to 0.7 -0.4) and at 6 months (to 0.7 -0.3) in the <30 mg/gCre group (P < 0.0001). The decrease in urinary albumin excretion was significant in both groups (Figure 2a ). There were no significant differences between the two subgroups in the percentage changes in log urinary albumin excretion (Figure 2b) .
We also examined the relationship between the percentage change in log urinary albumin excretion and percentage change in markers of diabetic control, and various non-glycemic metabolic variables in the sitagliptin group. Univariate analysis showed that the percentage change in log urinary albumin excretion correlated significantly with the percentage change in DBP (r = 0.327; P = 0.034) and log urinary albumin excretion at baseline (r = -0.371; P = 0.016). In contrast, the percentage change in log urinary albumin excretion did not correlate with glucose and lipid metabolism (Table 3) . Finally, multivariate analysis identified the percentage change in log urinary albumin excretion as the only significant determinant of percentage change in DBP (adjusted multiple R 2 = 0.104, standardized coefficient b = 0.322, t = 2.153, P = 0.037; Table 4 ).
DISCUSSION
The results of the present study showed that sitagliptin reduces urinary albumin excretion in patients with type 2 diabetes mellitus. Urinary albumin excretion at 6 months was significantly lower compared with that at baseline, without any change in other medications, including statins and angiotensin receptor blockers. Urinary albumin excretion decreased by 26.7 mg/ gCre. Other studies reported falls in urinary albumin excretion from 11.6 -8.4 to 4.5 -5.0 mg/gCre 15 , and from 76.2 -95.6 to 33.0 -48.1 mg/gCre after 6-month treatment with sitagliptin in patients with type 2 diabetes mellitus 16 ; however, these studies were uncontrolled studies.
In the present study, patients with normoalbuminuria showed a reduction in urinary albumin excretion, suggesting that sitagliptin can prevent the development of microalbuminuria. Furthermore, a fall in urinary albumin excretion was also noted in patients with microalbuminuria, suggesting the beneficial effect of sitagliptin in the early stage of diabetic nephropathy. Patients with type 2 diabetes mellitus and micro-or macroalbuminuria are at high risk of cardiovascular death (2-12 times higher than that observed in patients with less serious albuminuria) 17, 18 . Furthermore, in patients with type 2 diabetes mellitus and normoalbuminuria, any degree of measurable urinary albumin bears a significant risk for cardiovascular events. The association between albuminuria and risk is continuous, and there is no threshold level that distinguishes patients at risk from those who are protected from cardiovascular disease 19 . Albuminuria can be reduced by amelioration of insulin sensitivity 20 , weight loss 21 , and by blood pressure and blood glucose reduction 22 . The mechanism of sitagliptin-induced improvement of albuminuria is unknown. In the present study, sitagliptin did not reduce insulin sensitivity level, weight or blood pressure, but reduced blood glucose and HbA1c. One of the mechanisms responsible for the reduction of albuminuria might be the control of blood sugar level. However, there was no correlation between the percentage change in urinary albumin excretion and the percentage change in blood glucose. Attenuating glucose swing by reducing not only fasting blood sugar, Values are mean -standard deviation. *P < 0.05 vs baseline by Wilcoxon matched-pairs signed-rank test, †P < 0.05 vs other glucose-lowering agents group by unpaired Mann-Whitney U-test. DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; FPI, fasting plasma insulin; HbA1c, hemoglobin A1c; HOMA-b, homeostasis model assessment b cell function; HOMA-IR, homeostasis assessment model of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride.
but also postprandial blood sugar, might lead to inhibition of vascular inflammation 23 . We measured fasting glucose level only, but did not measure postprandial glucose. Percentage changes in fasting glucose and HbA1c in other oral glucoselowering agents, and in sitagliptin were similar. However, the decrease in urinary albumin excretion was only significant in the sitagliptin group. Therefore, there is no relationship between the reduction in urinary albumin excretion and reduction in glucose metabolism in the sitagliptin group. Another mechanism might be the control of blood pressure. The antihypertensive effect of GLP-1 is attributed to the GLP-1 dependent increases in salt and water excretion 11 . In the present study, multivariate analysis identified percentage change in urinary albumin excretion as the only significant determinant of the percentage change in DBP. However, the percentage change in urinary albumin excretion did not correlate significantly with the percentage change in SBP. SBP and DBP remained unchanged, relative to the baseline. Another possible mechanism of induction of urinary albumin excretion might be the direct effect of sitagliptin through increased levels of active GLP-1. High levels of GLP-1 inhibit advanced glycation end-product-induced upregulation of messenger ribonucleic acid levels of vascular cell adhesion molecule 1 (VCAM-1) in vascular endothelial cells 12 . In another report, exendin-4, a GLP-1 agonist, prevented macrophage infiltration, and reduced the levels of intercellular adhesion molecule-1 (ICAM-1) and type IV collagen, and also reduced the level of oxidative stress in renal tissues, and directly attenuated the release of pro-inflammatory cytokines from macrophages and ICAM-1 production from glomerular endothelial cells 13 . Sitagliptin might also have anti-inflammatory effects in the kidney through the GLP-1 receptor by increasing the level of active GLP-1, possibly leading to alleviation of albuminuria. The other anti-inflammatory property of GLP-1 involving the cyclic adenosine monophosphate/protein kinase A pathway might also contribute to the reduction in urinary albumin level 24 . Thus, sitagliptin might increase active GLP-1 levels, which in turn decrease urinary albumin excretion. In contrast, sitagliptin also decreased the eGFR level. This possible scenario is based on previous findings that GLP-1 enhances sodium excretion and reduces H + secretion and glomerular hyperfiltration in obese men 25 , and that excendin-4 ameliorates glomerular hyperfiltration and glomerular hypertrophy 23 . The present study had several limitations. The number of participants was small, the study duration was short and the study design was not a double-blind study. We used sitagliptin in the present study, and the effects of other DPP-4 inhibitors on albuminuria are unknown at present.
In conclusion, the present data provided evidence that DPP-4 inhibitors can prevent progression of diabetic nephropathy by reducing the severity of proteinuria and albuminuria. Sitagliptin is effective for albuminuria in Japanese patients with type 2 diabetes mellitus. Multivariate stepwise regression analysis with percentage change in log urinary albumin level as the dependent variable and log urinary albumin at baseline, percentage change in bodyweight, blood pressure, lipid metabolism, glucose metabolism and hemoglobin A1c. CI, confidence interval; DBP, diastolic blood pressure.
